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ABSTRACT

An oxidizable electrode such as molybdenum project-
ing vertically through a shouldered aperture in the ce-
ramic of the bottom of an electric glass melting fur-

Kingswinford, Brierley Hill, Staffs, nace being surrounded in said aperture below said .
England shoulder by a water jacket, above said shoulder by a
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corrosibn resisting metal sleeve containing high con-
tent of nickel which sleeve has an outwardly extending
flange adjacent said shoulder, a refractory gasket on

» - each side of said flange sealing said flange to said
................................................... .. 13/6 shoulder and the upper end of said water jacket, and

CO03b 5/02 providing a. coating or layer of refractory” material,

........................................... 13/6  such as of alumina-silica fiber or cement and/or so-
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_ dium silicate, at least on the outside of said sleeve and
preferably on both sides thereof, and purging the
space between the electrode and said jacket and lower
portion of said sleeve with an inert gas. ‘ -

22 Claims, 3 Drawing Figures
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1
PROTECTION OF GLASS MELTING FURNACE
ELECTRODE

BACKGRO.UND OF THE INVENTION

No material which is entirely satisfactory for the for-
mation of electrodes for a glass melting furnace is at
present available. The generally preferred material is

5

molybdenum, but this material suffers from the disad-

vantage that it is readily oxidized by elemental oxygen
at temperatures commonly occurring in a glass furnace,

 namely above about 500°C. Accordingly, all parts of an
electrode formed of molybdenum, which during opera-
tion of the furnace, reach a temperature at which de-
structive oxidation occurs, must be protected from ele-
mental oxygen.

By the term “destructlve oxidation” we mean oxida-
tion to an extent such that the abllxty of the electrode
to function properly is impaired owing to change in the

. chemical nature of the material of which the electrode
is formed, and possibly to change in the physical form
of the electrode, for example partial disintegration or
loss of material from the electrode.

When an electrode of this kind is in use, the current
communication portion is protected from oxygen by a
body of molten glass in which electrical current is con-
ducted by the electrode. The stem portion of the elec-
trode is arranged to project through an opening formed
in the refractory wall of the furnace so that the neces-
sary electrical connections can be established with the
electrode outside of the furnace chamber. Generally,
that part of the furnace wall and which is nearest the
interior of the furnace is protected by glass. present in
the opening and surrounding the stem, such glass being
molten near to the interior of the furnace and solid near
the exterior thereof.

This known arrangement for protecting the stem of

- an electrode of the kind specified to prevent destruc-
tive oxidation thereof is not fully effective. The wall of

- the furnace is normally formed of a refractory material
which is somewhat porous, oxygen can diffuse through
the refractory material to the opening or aperture
through which the stem extends, the stem being at-
tacked by such oxygen. In the case of electrodes
formed of molybdenum, molybdenum oxide formed by
oxidation diffuses into the refractory wall of the fur-
nace and in this way material is removed from the stem
portion of the electrode thereby reducing the effective
cross-sectional dimensions thereof eventually to an ex-
tent such that mechanical failure can occur.

The part of the electrode which extends outside the
furnace of course can normally be held below the tem-
perature by means of blast or air and/or water jacket.

Therefore it is an object of the present invention to
provide an electrode of the kind specified whereof the
stem has a protective covermg which reduces or elimi-
- nates oxidation of the stem in use, namely that portion
of which extends through the bottom wall of the fur-
nace which raises to a temperature above about 500°C.

SUMMARY OF THE INVENTION

Generally speaking this invention relates to a means
for protecting an oxidizable electrode for use in a glass
melting furnace formed at least partly of a material
which is subject to destructive oxidation under condi-
tions commonly occuring in such furnace or at least in
the wall thereof, and having a working portion which
in use is emersed in the body of molten glass and from

10

20

25

30

35

40

50

60

2

the surface of which electrical current flows directly
into the body of molten glass, and a stem portion along
which current is conducted to the working portion. The
working portion may be a head of enlarged: cross-
sectional dimensions relatively to the stem portion, or
it may be an extension or contunuation of the stem por-
tion, and usually is cylindrical or circular in cross-
section.

The invention relates to means for protecting this
electrode particularly in the section between the inside
and outside of the furnace by means of a water jacket,
a protective sleeve, and an inert gas envelope. The pro-
tective sleeve is made of a high resistant metal such as
stainless steel, a steel containing a high nickel content
or metallic nickel, which sleeve is resistant to oxidation
at the temperatures between about 1,000°C. that are
attained at the electrodes during melting of glass in the
furnace. This sleeve is also coated at least on the out-
side wall thereof, and usually both inside and outside
walls thereof, with a layer of refractory material which
may comprise a paper sheet of alumina-silica fibers
sold under the trandename ‘‘Fiberfrax,” a cement com-
posed of this material, and/or a coating of sodium sili-
cate commonly known as “water glass.”

This electrode projects through an aperture in the
bottom refractory wall of the glass melting furnace,
which aperture has one diameter at its inner end and
the larger diameter at its outer end forming a shoulder
or step portion between its inner and outer walls, usu-
ally about mid-way therebetween. The metallic sleeve
of this invention surrounds the electrode in the narrow
diameter portion and is provided with an outwardly
projecting annular flange adjacent to the shoulder or
step portion. Both sides of this flangé are provided with
refractory gaskets, such as of asbestos, to seal this with
the shoulder portion or the furnace wall and also with
the upper end of a water jacket which surrounds the
electrode in the larger diameter portion of the aper-
ture. This flange also may be provided with a depend-
ing annular rib to form a partable seal that fits into a
channel containing the gasket material at the upper or
inner end of water jacket. Thus the water jacket may
be removed and/or replaced while the sleeve remains
in the aperture. These sealing gaskets on both sides of
this flange help retain the inert gas purged inside the
jacket and around the outside of the electrode in the
aperture of the furnace wall. The lower end of the
water jacket also is preferably provided with a seal or
gasket between it and the electrode to retain the inert
gas, at which location there may be provided the con-
nection for the introduction of this inert gas to purge
continuously this annular cylindrical space adjacent the
electrode.

The water jacket may be provided with longitudinal
baffle so that the water that is introduced at the lower
outer end thereof will travel to the upper inner end of
the jacket before being withdrawn at its lower end to
insure good circulation throughout its length. Further-
more, a blast of air may be applied outside of the fur-
nace against the water jacket and refractory surround-
ing the electrode for further cooling.

Thus by utilizing the combination of the solid state
sleeve element in addition to the water jacket and inert
gas, and an insulation layer or coating on the sleeve, the
solid state material of the sleeve element is itself sealed
as regards any. permeability which it might otherwise
present. Further the layer or coating on the sleeve may
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be of plastic consistency and perform a protective func-
tion by virtue of the fact that it acts as a lubricant to
some extent, and, therefore, prevents disruption of the
solid state thin-walled or sheet material of the sleeve
element by virtue of frictional or abrading engagement
which might otherwise occur between the sleeve ele-
ment and either the stem portion of the electrode or the
‘inner surface of the opening or aperture in the refrac-
tory furnace wall through which the electrode stem
projects.

BRIEF DESCRIPTION OF THE SLEEVE

The above mentioned and other features, objects and
advantages, and a manner of obtaining them are de-
scribed more specifically below by reference to em-
bodiments of this invention shown in the accompanying
drawings, wherein: = : . -

FIG. 1 is a vertical section of an electrode projecting
through the bottom wall of a glass melting furnace, with
parts broken away, and showing the protecting means
for the electrode according to one embodiment of this
invention;

FIG. I is an enlarged sectional view of a portion of
the protective sleeve and coatings that may be used be-
tween the sleeve and the electrode on one side thereof,
and the aperture in the refractory wall of the furnace
on the other side thereof;

FIG. Il is a partial sectional view, similar to the
upper portion of FIG. I of another embodiment of a
partable gasket and seal between the flange of the
sleeve and the water jacket around the electrode.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In the figures, the bottom refractory wall 10 of a glass
melting furnace is shown with molten glass 12 resting
on the top surface thereof and having in said wall a
stepped opening or. aperture 14 having an upper or
inner smaller diameter hole 15 and a step or shoulder
portion 16 to a lower or.outer larger diameter hole or
counterbore portion 17,

Projecting axially into this hole 14 is the oxidizable
electrode 20, such as molybdenum, which may be sup-
ported at its bottom outer lower end by a jack (not
shown) for longitudinal movement thereof, such as
feeding it into the furnace as it may erode. Although
this electrode is shown to have a cylindrical or rod
shape it may have other than a circular cross-section,
and may be provided with a larger upper end inside of
the furnace in the molten glass 12,

Surrounding the electrode 20 and inside the larger
diameter portion 17 of the aperture 14, there is shown
a hollow sleeve or water jacket 30 which may comprise
a pair of spaced concentric cylindrical tubular inner
and outer walls 32 and 34, respectively, between which
may be provided a cylindrical tubular baffle 36, so that
cooling fluid, such as water, introduced into the inlet
duct 38 and controlled by a valve 40 flows up and
around one side of the jacket 30 and then over the top
end of the baffle 36 and back down the other side to the
outlet duct 42. The lower or outer end of this jacket
may be sealed by an annular member ring 44 to which
may be bolted a second ring 46 by means of bolts 48
for compressing a gasket 50 to seal the lower end of the
jacket 30 to the outer wall of the electrode 20. This
seals off the space 52 between the inside of the jacket
30 or its inner wall 32 and the outside of the electrode

4

“20, which space 52 is continuously purged with or

maintained in an inert atmosphere, such as nitrogen,
which gas may be introduced into this space 52 through
a duct and hose 54 connected to a radial hole in the
lower ring 44. Furthermore, the lower outer end of the
jacket 30 and the refractory wall 10 adjacent thereto
may be further cooled by a blast of air from one or

* more ducts or nozzles 55. .
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The upper end of the jacket 30 may be closed by an-
nular upwardly open channel 56, the bottom of which
channel is welded to the upper end of the sides 32 and
34 of the jacket. Inside this channel 56 is a refractory
gasket 58, such as of asbestos, which is sufficiently flex-
ible to form a fluid tight seal with the lower end of the
sleeve 60, but yet also be partable therefrom when the
jacket 30 is lowered or removed from the aperture 14
by its support in brackets 59 shown below the wall 10
outside the furnace and welded or integally connected
to the outer wall 34 of the jacket 30.

Above the jacket 30 and in the smaller diameter por-
tion 15 of the opening 14 in the refractory bottom wall
10 of the furnace, is the sleeve 60 which is made of rel-
atively thin metal of high nickel content, such as “Inco-
nel 608" stainless steel. Its lower end has an outwardly
extending flange 62 adjacent the shoulder 16, which
flange may have a downwardly depending annular rib
64 as shown in FIG. 1, that may have a rectangular ra-
dial cross-section, or as shown in FIG. Il a rib 65 of V-
shaped or a triangular radial cross-section. The lower
or outer edge of the rib 64 or 65 is forced into the
upper surface of a gasket 58 in the annular channel 56.
Between the upper face of the flange 62 and the shoul-
der 16, there provided another gasket 66, also of a re-
fractory material such as asbestos, which may be simi-
lar to the gasket 58. Thus the sleeve 60 is sealed at the
shoulder 16 both to the furnace wall 10 and also to the
top end of the jacket 30.

Referring now to FIG. II, there is shown an enlarged
section of the sleeve 60 which is further protected by
having a layer 70 of refractory material at least on the
outside thereof, herein shown to comprise a synethic
asbestos type paper made of about 50 percent each of
alumina-silica sold under the trademark ‘‘Fiberfrax,”
which layer 70 is wrapped around the outside of the
sleeve 60 throughout its entire length, and also may be
impregnated with a cement or paste of the same alumi-
na-silica composition that also may be painted on the
outside of the sleeve 60, This same alumina-silica mate-
rial may also be painted on the inside of the sleeve 60
to form another layer 72 in order to protect both sides
of the sleeve 60. Furthermore, there may be provided
an additional sealing refractory layer 74 that acts also
as a lubricant for the assembly of the electrode 20 and
sleeve 60 into the opening 14, namely a layer or coating
of sodium silicate or water glass, which may fill the
space between the inside of the sleeve 60 and the out-
side of the electrode 20. This sodium silicate also may
be painted on the outside of the paper layer 70 as an
additional layer 76. Thus the sleeve 60 not only con-
tains the metal portion but also a coating at least on the
outside thereof of an alumina-silica composition which
may be in a form of a wrapping paper or fibers and/or
a cement, and/or the sleeve may be further coated with
sodium silicate. Since these layers 70, 72, 74 and 76 are
relatively thin, they have been exaggerated in thickness
in FIG. II for the purpose of this description, and have
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- been omitted entlrely from the showing in FIGS. I and
I
In FIGS. I and III however, the molten glass 12 is
shown filling part of the space at the upper or inner end
of the sleeve 60 between it and electrode 26 and the ap-
erture 14. The glass fills the spaces down to a-point
where it becomes solidified and thus seals the electrode
. 20, and the sleeve 60 in the upper end of the aperture
14 as well as sealing the upper end of the space 52 con-
taining the inert gas.
While there is described above the principles of this

“invention in connection with specific apparatus, it is to ‘,

be clearly understood that this description is made only
by way of example and not as a limitation to the scope
of this invention.
We claim:
. In an electric glass melting furnace havmg elec-

trodes extending vertically through apertures in a re-

fractory wall of said furnace, means for protecting each. .’
' 20
claim 15 wherein the radial cross-section of said rib is

of said electrodes from oxidation comprising:

A. a fluid cooled jacket around said electrode ex-.
tending partly into said aperture from the outside

of said furnace,

'B. a high temperature oxidation resisting metal sleeve
around said electrode inside said aperture adjacent
longitudinally spaced from and adjacent to said
Jacket

C. a refractory gasket between said sleeve and said
jacket, and

6 e

11. An electrode protecting means according to .
claim 10 including a second gasket between said flange
and said shoulder. » ‘

i2. An electrode protecting means according to
claim 11 wherein at least one of said refractory gaskets
is composed of asbestos.

13. An electrode protecting means’ accordmg to
claim 10 wherein said gasket is between said flange and
the adjacent end of said jacket. »

14. An electrode protecting means accordmg to
claim 10 wherein said jacket comprises an annular
channel at said adjacent end for seating said gasket.

15. An electrode protecting means according to

claim 10 wherein said flange on said sleeve includes an

15

25

D. a refractory layer around at least the outsxde of 30

- said sleeve.
2. An electrode protecting means according to claim
.1 wherein said electrode is composed ‘of molybdenum.
3. An electrode protecting means according to claim
=1 wherein said electrode is cylindrical and so is said ap-
erture in said furnace wall.
4. An electrode protecting means according to claim
1 wherein the fluid circulated in said jacket is water. .
5. An electrode protecting means according to claim
" 1 wherein said jacket comprises a pair of concentric cy-
lindrical walls with a cylindrical baffle between them
. for directing the circulation of fluid from one wall to
- the other.
6. An electrode protecting means according to claim
1 including means for maintaining an inert gas in the
- space around said electrode inside said jacket and said
sleeve.
7. An electrode protecting means according to claim
-1 wherein said inert gas is nitrogen.
8. An electrode protecting means according to claim
1 wherein said metal sleeve contains nickel.
9. An electrode protecting means according to claim
1 wherein said sleeve is composed of stainless steel.
10. An electrode protecting means according to
- claim 1 wherein said aperture is shouldered outwardly
‘and said sleeve has an outwardly extending flange at
one end thereof adjacent said shoulder.
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annular rib extending outwardly from said flange

toward said jacket.

16. An electrode protecting means according to
claim 15 wherein the radial cross-section of said rib is
rectangular. '

17. An electrode protecting means according to

triangular.
18. An electrode protecting means accordmg to

claim 1 wherein said refractory layer comprises alumi- - .

na-silica fibers in form of a paper wrapped around the
outside of said sleeve.

19. An electrode protecting means accordmg to
claim 1 wherein said refractory layer comprises an
alumina-silica cement coated on said sleeve.

20. An electrode protecting means according- to
claim 1 wherein said refractory layer includes an alumi-
na-silica cement coated on the inside of said sleeve.

21. An electrode protecting means according to
claim 1 wherein said refractory layer comprises sodium -
silicate coated over both the inside and outside of said-
sleeve to act as a sealer and a lubricant for the assembly
of said sleeve and electrode in said aperture.

22. An electrode for an electric glass melting furnace
having a refractory bottom wall with an outwardly ex-
tending shouldered aperture therein for said electrode,
the improvement being in the means for surrounding
said electrode in said aperture, said means comprising:.

A. a high temperature oxidation resistant metallic

sleeve between said electrode and said refractory
wall in the smaller diameter portion of said aper-
ture, said sleeve having a radially outwardly ex-
tending end flange adjacent said shoulder, =~ = .

B. a refractory layer on at least one 51de of said

sleeve,

C. a fluid cooled jacket between said electrode and - -

said refractory wall in the larger dlameter portlon

of said aperture,

D. a refractory gasket between said flange and the o

adjacent end of said jacket, and
E. means for maintaining an inert gas in the space be-

tween said electrode and sleeve and said jacket.
% %* # * *
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